Apparatus and Instrumentation. The surface morphology of the insulin immunosensor was imaged using scanning electron microscopy (SEM, Model: JEOL JXM 6400). To characterize the stepwise surface modification of the immunosensor on the electrode, a Nicolet iS50 Fourier transform infrared spectrometer (FTIR, Thermo Scientific) and a WITec alpha-300 confocal Raman microscope (532 nm ND:YAG laser source, WITec GmbH, Ulm, Germany) were used. Amperometric responses were recorded using a CHI 6017E electrochemical analyzer (CH Instruments, Austin, TX). All electrochemical studies were conducted in phosphate buffered saline (PBS, pH 7.4, 10 mM phosphate, 0.14 M NaCl, 2.7 mM KCl) at room temperature (23 o C). Cyclic voltammetric quantitation of surface -COOH groups was performed with a CHI 6017E electrochemical workstation in phosphate buffer (pH 6.8). Fluorescence measurements for Ab surface quantitation was carried out using a Cary Eclipse Fluorescence Spectrophotometer (Agilent Technologies, Santa Clara, CA).
Preparation of the Magnetic Nanoparticles-Detection Antibody-Insulin Conjugate (MNP-Ab HRP -insulin). The conjugates were prepared using the protocol provided by the manufacturer (Chemicell GmbH). Briefly, 150 µL of a freshly prepared aqueous solution of 0.4 M EDC and 0.1 M NHS was added to 68 µL of MNPs (25 mg/mL, i.e., 1.7 mg) and gently rotated for 10 minutes to activate the poly(acrylic acid) -COOH groups of MNPs. The activated MNPs were separated using a small cleaved magnet (provides better surface roughness than a smooth magnetic surface) within 15 s and the supernatant consisting of the unreacted EDC/NHS solution was removed. The MNPs were washed twice with 150 µL of PBS. Then, 20 µL of HRP labeled anti-insulin antibody (0.42 mg/mL) in 250 µL of PBS buffer was added to the activated MNPs and the mixture was rotated gently for 1 hour at room temperature. The obtained MNP-Ab HRP conjugate was washed thrice with 0.1% BSA in PBS (PBS-BSA) and then resuspended in 300 µL of a fresh PBS-BSA solution. This MNP-Ab HRP suspension was divided equally into six aliquots. To each aliquot, 140 µL of different insulin concentrations spiked in 5% human serum was added and gently rotated for 1 hour. Thus obtained, MNP-Ab HRP -insulin conjugates were washed three times with PBS-BSA. The conjugates were then suspended in 140 µL PBS giving a final concentration of 2 mg/mL MNPs in the prepared conjugates, an Electronic Supplementary Material (ESI) for ChemComm. This journal is © The Royal Society of Chemistry 2016 optimal concentration that provided good reproducibility in the sensor. Similar protocol was used to prepare bioconjugates for a type 2 diabetes patient's serum sample by diluting it 20-times in PBS to obtain 5% serum containing insulin solution.
Preparation of Immunosensor Electrodes. AuSPEs were cleaned by washing them in ethanol and then with water. A 3.5 µL suspension of MWNT-COOH (2 mg/mL) in dimethylformamide (DMF) was added to each AuSPE surface and dried at room temperature. Then 7 µL of 1-pyrenebutyric acid (Py-COOH, 10 mM) in DMF was added to each AuSPE and incubated for 1 hour in a closed moisturized environment to avoid drying of the Py-COOH solution. This allowed the formation of strong pi-pi stacked MWNT-COOH/Py-COOH complexes on the AuSPEs. The electrodes were rinsed well with water. All further modifications on the electrodes were done at 4 ˚C. To the MWNT-COOH/Py-COOH modified electrodes, 10 µL of an aqueous solution containing the mixture of 0.4 M EDC and 0.1 M NHS was added (per electrode) to activate the surface carboxylic acid groups for a duration of 10 min. The electrodes were rinsed with PBS and a 10 µL solution of 100 µg/mL monoclonal anti-insulin antibody (Ab surface ) in PBS was added to each electrode and incubated for 1 hour. This allowed for the amine-carboxylic acid coupling reaction and formation of the covalently attached Ab surface via amide bonds onto the MWNT-COOH/Py-COOH modified AuSPEs. The electrodes were then rinsed with PBS, and the surface was blocked for minimizing nonspecific binding by adding 10 µL of 2% BSA in PBS and incubating for 30 minutes. The electrodes were then rinsed with PBS again. Finally, 10 µL of MNP-Ab HRP -insulin conjugates prepared with various serum insulin concentrations were placed on the electrodes and incubated for 1 hour. The electrodes were rinsed in PBS and were fitted into a microfluidic channel to measure amperometric responses at an applied constant potential of -0.1 V vs pseudo Ag in 200 µL PBS containing 1 mM HQ and 0.5 mM H 2 O 2 , delivered at a flow rate of 200 µL/min onto the immunosensor surface. Similar to the described MWNT-COOH/Py-COOH/Ab surface /BSA immunosensor, we designed a sensor without the pi-pi stacking of Py-COOH (i.e., MWNT-COOH/ Ab surface /BSA on AuSPEs) for serum insulin measurements using the same MNP-Ab HRP -insulin conjugation strategy. Figure S4 . Cyclic voltammograms used for the quantitation of surface carboxyl groups based on the arylnitro derivative reduction peaks (at ~ -0.8 V) of A. MWNT-COOH/Py-COOH and B. only MWNT-COOH modified AuSPEs. This derivative peak is absent on C. bare AuSPE with no modification. Inset shows (for clarity) the enlarged view of the derivative peak of MWNT-COOH at ~  0.8 V (B), which is absent on the bare AuSPE (C). The measurements were done at 23 ˚C in phosphate buffer (pH 6.8, 25 mM KH 2 PO 4 , 25 mM Na 2 HPO 4 ), scan rate 75 mV/s.
